Introduction
Olive oil production is considered as one of the oldest agricultural industries in the Mediterranean countries. Approximately 1.8 x 10 6 t of olive oil are produced annually worldwide where the majority of is produced in the Mediterranean basin. The process of oil extraction generates a great quantity of by-products and residues. The average amount of olive mill wastewater (OMW) produced during the milling process is 1.2-1.8 m 3 t −1 of olives. OMW resulting from the production processes in the Mediterranean region surpasses 30 million m 3 per year. These by-products require specific management with objectives of minimisation, valorisation or attenuation of its potential negative environmental impact. The treatment of OMW is still a major challenge facing this industry. Several technologies are mentioned in technical and scientific publications. They deal, with elemental or combined operations tested in a laboratory or a pilot plant. Several treatment and valorisation systems present some degree of applicability such as land spreading, composting and natural evaporation. However, these techniques have several drawbacks such as groundwater contamination, bad smell, evaporation duration (limited by the formation of residual oil layer). The thermal treatment seems to be a promising technique to benefit from the energy content of the OMW. Recently, a combined strategy for the treatment of OMW has been developed. This method consisted of the impregnation of the OMW on low cost biomass such as sawdust or OMSW. Then, the impregnated sample is pelletized for green pellets production. The combustion of the green pellets shows some limitation due to the increase in ash content and particulate emissions attributed to the high content of K, Cl and Na in OMW. Therefore, it seems interesting to adopt the same strategy and to evaluate the performance of a second thermochemical process such as pyrolysis. This latter has the advantage to produce solid, liquid and gaseous products which could be recovered in different manners. Gaseous product has a high calorific value and could be used as fuel in the pyrolysis process. The liquid product is also useful as a fuel and could be added to petroleum refinery feedstocks. The solid product, named char, can be used as biofuel, applied for soil amendment or activated to prepare efficient adsorbents. In this context, this work aims to develop an environmental friendly strategy for the recovery of OMW through impregnation on low cost biomasses following by drying step for water recovery and pyrolysis step for biofuels and biofertilizer production.
Materials and Methods

Samples Preparation
OMW was collected from olive mill (three-phase centrifugal olive mill) in Mahdia, Tunisia. Cypress Sawdust was provided from sawmill in Menzel Bouzelfa, Tunisia. During impregnation tests, 20 kg of sawdust with 10% of moisture ( wb) were slowly mixed to 100 kg of OMW with 89% of moisture (wb) in a specific barrel. Drying Investigation Experimental drying of OMW and the Impregnated Sample (IS) was performed using a forced convective dryer. The pilot dryer used is equipped with a balance to monitor regularly the sample mass with the drying time. Balance, temperature and velocity sensors are connected to an acquisition system. The sample mass was recorded each 2 s allowing the determination moisture content evolution with time. The drying conditions were 40°C; 50°C and 60°C for temperature and 0.7ms -1 ; 1.0m.s -1 and 1.3m.s -1 for air velocity.
Pyrolysis tests
Thermogravimetric analyses were performed using Mettler-Toledo TGA/DSC3+. Before each experiment, about 10 mg of sample was put in an alumina crucible. TGA experiments were performed under nitrogen gas flow of 100 mL/min at heating rates of 5°C/min from room temperature to 800°C. During pyrolysis tests, 4 g of sample were placed in a tubular furnace (Thermolyne F 21100). Then, a nitrogen flow was continuously supplied at room temperature during 30 min in order to remove residual oxygen. Afterwards, the temperature increased to the setting value fixed at 600°C at 10°C/min under nitrogen at a flow rate of 25 NL/h.
Characterization techniques
Different analytical techniques were used to determine the physico-chemical properties of the raw materials as well as the pyrolysis products. Elemental composition of raw samples was determined by means of a CHONS-NA2100 protein CE apparatus. Proximate Analysis was performed using TG methods. The mineral contents of were measured by X-ray fluorescence (XRF) spectrophotometer (PHILIPS PW2540). The textural properties of the chars were investigated with a Micrometrics ASAP 2020 instrument using N 2 adsorbate at 77 K.
Results and Discussion
Samples Characterization
Elemental composition of the sawdust, IS and OMWW are shown in The drying of OMW and the IS was examine through the study of the influence of temperature and velocity of the drying air. Drying time values are summarized in table 2 for the different experimental conditions. It is seen clearly that the impregnation step accelerates the drying of the OMWW. The weak response of OMWW to the convective air drying process can be attributed to the remaining thin layer of oil which rises to the surface and inhibits moisture evaporation. Indeed, there is formation of a crust due to the oil fraction on the surface during OMW drying which block training and departure of evaporated binding or free water. 
Pyrolytic behaviour
The thermal degradation behaviour of the sawdust and impregnated sample was examined under nitrogen atmosphere. Figure 1 shows the residual mass percentage (X, TG) and its time derivative (dX/dt, DTG) evolutions. The comparison of both samples shows that the degradation of IS occurred earlier comparing to the raw sawdust. Such behavior can be assigned to the K as well as other minerals such as Na and Mg brought by OMW. Furthermore, the TG curves indicates a high mass ratio of char obtained for IS at 600°C (29 %). This result suggests the viability of the use of chars prepared from impregnated samples as biofertilizer.
Figure 1. TG and DTG plots obtained during pyrolysis under nitrogen atmosphere Char characterization
The char prepared from the impregnated sample was characterized using different analytical techniques in order to examine its suitability as bio-fertilizer. The nitrogen manometry results showed a highly microporous structure (micoporosity percentage 85%) of the char with high BET surface area of 402 m 2 .g -1 and microporous volume 0.16 cm 3 .g -1 . Furthermore, the mineral contents analysis shows non-negligible K, P and Mg contents. These elements have benefit effects in soil amendments and the elaborated chars could be used as bio-fertilizer.
Conclusion
A strategy for the recovery of OMW through impregnation on low cost biomasses following by drying and pyrolysis steps is proposed in this present work. The impregnated of OMW on sawdust seems to accelerate the drying process allowing the ecologic recovery of water from OMW. Furthermore, the OMW increases the thermal reactivity at lower temperature and increases the char mass fraction. In addition, the characteristics of the residual char are promising for its use as a biofertilizer for soil amendments. 
